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Summary

One of NASA's newly proposed initiatives is Mis-

sion to Planet Earth. This program envisions both

low Earth and geostationary orbiting spacecraft sup-

porting instruments that will measure and moni-

tor land, ocean, and atmospheric variables that are

important to understanding Earth's global change
mechanisms. In order to minimize the number of

spacecraft required in geostationary orbit and to al-

low data correlation in space and time, large, multi-

purpose platforms have been proposed. Many of
the onboard instruments that require very high res-

olutions require very large components, such as

antennas or telescopes. As a result, the size

of the supporting spacecraft and the effects of

environmental- and spacecraft-induced disturbances

are increased. The problem is compounded by the

fact that these antennas, along with many other sen-

sors and instruments, require very precise pointing

that consequently increases the complexity of the

pointing and control subsystem. This paper presents

the rigid-body-pointing analysis done as part of a

larger geostationary platform study.

To accommodate as many of the pointing require-

ments for the science instruments as possible, the

specific goal of the analysis was to determine what

degree of rigid-body pointing was possible for this
platform concept. The objective was to obtain a

pointing accuracy of 18 arcsec (0.005 °) for the plat-

form, while instruments requiring a pointing accu-

racy greater than 18 arcsec would be mounted on a

vernier isolation and pointing platform.

The computer-aided engineering system called

Space Systems Integrated Simulation (SPASIS) was

used to perform the analysis. First, to better under-
stand the effects of various environmental forces and

torques on the platform, uncontrolled motion of the

platform was examined. Next, two reaction wheel as-

semblies, the NASA Standard and the Hubble Space

Telescope, were used to investigate the platform con-

trollability. The results indicate that the spacecraft
can theoretically be controlled to the required ac-

curacy of 18 arcsec along each axis. Of the two
reaction wheel assemblies, the Space Telescope re-

action wheels provide the highest degree of point-

ing accuracy. Fhrthermore, since the Space Tele-

scope reaction wheels do not become saturated for

at least 2 days (an important factor, considering the
mission limitation of two housekeeping periods per

orbit), they have the lowest propellant requirement
for desaturation for the period (a factor influenc-

ing spacecraft lifetime). Two different control law

gain sets were also examined: small gains, designed

merely to meet the pointing requirement of 18 arc-

sec, and tight gains, designed to provide a greater

degree of pointing accuracy than the nominal small

gains. The reaction wheels investigated all represent

currently available technology.

Symbols and Acronyms
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DOF

OMV

OTV

PMR
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RWA

SPASIS

maximum allowed error, rad

principal moment of inertia, kg-m 2

propellant specific impulse, sec

torque command attitude gains

torque command rate gains

control moment gyro

degree of freedom

orbital maneuvering vehicle

orbital transfer vehicle

passive microwave radiometer

reaction control system

reaction wheel assembly

Space Systems Integrated
Simulation

Tmax

_d

assumed maximum value of reaction

wheel torque, N-m

angular velocity, rad/sec

Introduction

NASA has been studying several geostationary

spacecraft and platform concepts for Earth science
missions such as Mission to Planet Earth (ref. 1).

The Mission to Planet Earth infrastructure will con-

sist of both low Earth orbiting and geostationary

orbiting spacecraft supporting instruments that mea-
sure and monitor land, ocean, and atmospheric en-

vironmental variables that are important to under-

standing Earth's global change mechanisms. The

goals of this science mission are unprecedented in
terms of both the number of variables to be measured

and the requirements for spatial and temporal reso-

lution. These goals have a number of implications

for the spacecraft and the instruments themselves.

First, the spacecraft will likely be a platform car-

rying many multidisciplinary science sensors so that
measurements can be correlated in space and time.

Second, many of the instruments that require very

high resolutions will require very large components,
such as antennas or telescopes. This increases the

size of the supporting spacecraft and, consequently,

the effects of environmental- and spacecraft-induced



disturbances.Third, becauseof the geostationary
operatingaltitudeof the platform,the highresolu-
tion requirementsof thesecomponentswill require
that veryprecisespacecraftpointingbemaintained
in spiteof the largespacecraftsize,significantdis-
turbanceenvironment,andpotentialstructurMflex-
ibility. Theseandotherspacecraftdesignissuesthat
stemfromscienceobjectivesmayrequireadvanced-
technologysolutions.

In order to quantifythe performancerequire-
mentsof anEarthsciencegeostationaryplatform,a
straw-mansetof instrumentsrepresentativeof Mis-
sionto PlanetEarth objectiveswasselected(based
upon studiesdoneby the Lockheed Missiles and

Space Co., Inc.) and is summarized in table 1. This

list contains three instruments with pointing require-

ments of 1.1 arcsec (0.0003 °) and several others with

requirements less than 20 arcsec (0.0056°). Thus, the

spacecraft must provide a very stable base, with good
rigid-body control as well as flexible-body control and

disturbance isolation for these payloads. However,

the large dimensions needed to support many instru-

ments and to provide them with adequate fields of

view result in a platform with flexible components
that may be susceptible to disturbances from on-

board mechanical systems (e.g., articulating solar ar-

rays and cryogenic coolers) or the science payloads

themselves (e.g., scanning mirrors and antenna gim-

bals). Thus, analyses to quantify pointing perfor-
mance had to be initiated.

The Langley Research Center (LaRC) has con-

ducted a study of geostationary platform concepts
that had as its overall goal the identification of

technology development issues and opportunities.

Thus, the study was directed toward large, second-

generation platforms rather than the near-term con-

cepts proposed for launch before the year 2000. This

paper presents the rigid-body-pointing analysis done

as part of the overall geostationary platform study.

Flexible-body characteristics, which are the subject

of another study, arc not addressed in this paper.

Other analyses done as part of the overall plat-

form study, of which this pointing analysis is a part,

include a detailed structural analysis, antenna ra-

dio frequency performance (refs. 2 and 3), space-

craft subsystems requirements and technology op-

tions (ref. 4), and launch packaging and assembly

methods for this class of large platforms (ref. 5). The
rigid-body-controls analysis described herein was in-

tended to verify the viability of the selected concept

in terms of its controllability and pointing perfor-
mance. This paper describes the selected platform

concept and its mass and area distribution model

and presents the results of the rigid-body-pointing

analyses performed.

Platform Model

Numerous geostationary platform configurations

of various sizes have been proposed in recent years,

but one configuration that meets the needs for this

advanced technology assessment study is shown in

figure 1 and is described in the 1987 "Geostationary

Platform Bus Study for Earth Observation Sciences"

by Ford Aerospace and Communications Corp. This

configuration provides many of the attributes of in-

terest. It is a large spacecraft with two large anten-

nas requiring either assembly or deployment on orbit.
The proposed complement of 18 science instruments

presents difficult pointing requirements because of
on-orbit disturbances and instrument interactions.

The platform is sized to meet science requirements

typical ot'the Mission to Planet Earth, but no rigid-

body-controllability analysis had been conducted to

evaluate the point_ng performance as a basis for the

advanced technology assessments. The analysis de-

scribed in this paper provides such a controls study

and uses the pointing requirements given in table 1.

.... TEe Ford study, being conceptual in nature,

lacked configuration detail in some areas. To conduct

the in-depth performance analyses, several design de-

cisions were made that resulted in the LaRC config-

uration (derived from the Ford configuration geom-
etry) shown in figure 2. The most obvious change

was to the antenna designs, where the focal-length-
to-diameter ratio was increased from less than 1.0

to about 1.5 to accommodate likely reflector scan-

ning strategies. Other changes were also made to add

structural detail to the truss, antenna attachments,
and payload module.

The LaRC Geostationary Earth Science Platform

configuration shown in figure 2 uses a 3-m box truss

structure (to be assembled at a space station) act-

ing as a strongback for all subsystems and for a

payload complement of 18 instruments including 2
antennas (15.0-m-diameter and 7.5-m-diameter solid

reflectors). This erectable truss provides a rigid and

stable base to which the various components of the

spacecraft are connected.

Attached to the second bay (counting from lcft

to right) of the truss are the payload module,
housekeeping module, and orbital transfer vehicle

(OTV) and orbital maneuvering vehicle (OMV) in-
terface structure, all of which interconnect to pro-

vide the most rigid single element of the spacecraft.

This rigidity is necessary to transmit boost loads

and to provide a dimensionally stable base for the



instrumentslocatedin thepayloadmodule.Thepay-
loadmodulecontainsnumerousinstruments,includ-
ing thosewith the moststringentpointingrequire-
ments.Connecting the payload module to the truss

is the housekeeping module, which contains the ma-

jor subsystems of the spacecraft such as the power
subsystem and the attitude control subsystem. The
OTV-OMV interface structure attaches to the bot-

tom of the housekeeping module and extends through

the second bay of the truss to a standard OTV-OMV

docking ring.

The 15.0-m and 7.5-m passive microwave reflec-

tors (refs. 2 and 3) are the largest instruments on

the platform and are the primary platform configu-

ration drivers. Each uses offset-fed Cassegrain geom-

etry, which makes use of "folded optics" to enhance
the scanning performance of the radiometer. In

this configuration, the large primary reflector focuses

the radiation upon the smaller subreflector that, in

turn, focuses the radiation upon the feed array. The
scanning of the radiometers is accomplished by piv-

oting their subreflectors through the use of electro-

mechanical actuators. Because of the high operat-

ing frequencies of these radiometers, each has a solid

primary reflector; since the dominant environmental

disturbance at geosynchronous altitude is solar radi-

ation pressure, the disturbance torques due to these

large filled areas can present a controllability prob-

lem for the spacecraft. For the purpose of reducing
these torques, the 15.0-m radiometer has been placed

nearer to the center of mass of the spacecraft, while
the 7.5-m radiometer is farther from the center of

mass.

The solar arrays are attached directly to the

housekeeping module and also use deployable masts

to place them at sufficient distances from the space-

craft so that they are not shadowed by the 15.0-m
radiometer reflector. Several instruments are also lo-

cated at the solar panels to take advantage of the
fact that they are solar pointing. Each solar panel

rotates in 0.007 ° steps every 1.6785 sec to remain

solar pointing.

A simplified model, with equivalent mass proper-

ties, inertias, and projected areas, was used for the

rigid-body-controls analysis to represent the space-

craft, antennas, and other instruments and is shown

in figure 3.

Platform Pointing Requirements

In order to satisfy all the instrument pointing re-
quirements on the platform, a hierarchical approach

is incorporated into the design of the conceptual
control system. The required instrument accuracies

range from 360.0 arcsec (0.1 °) to 1.1 arcsec (0.0003°).

The large energy required to control the entire plat-

form to an accuracy of 1.1 arcsec would not be practi-

cal for satisfying the mission requirements. Only 4 of

the 18 total instruments require a pointing accuracy
greater than 18 arcsec, and they are assumed to be

mounted on a vernier isolation and pointing platform

located atop the payload module. To accommodate

the pointing requirements of the remaining 14 science

instruments, the platform bus is to be controlled to

an accuracy of 18 arcsec. The specific goal of this

pointing analysis is to determine what control sys-

tem components are required for attitude control of

the selected geostationary platform configuration to
meet the pointing requirement of 18 arcsec. The im-

mense inertia of this platform (see table 2) presents
a very difficult task in terms of meeting the small

pointing requirements.

Study Approach

The degree of environmental disturbances and the

principal axes most affected by them were estimated

for a spacecraft without a control system so that

the proper control system (hardware and control

laws) and placement of control devices could be
determined.

After determining the uncontrolled motion of the

spacecraft, a type of control device had to be chosen

that would control the vehicle to the desired degree

of accuracy. In choosing an attitude control device

for the geostationary pIatform, several mission pa-

rameters were considered. First, at geostationary al-
titude, the Earth's magnetic field is too weak to con-

sider the use of magnetic torquers, and RCS jets are

not capable of providing the fine degree of pointing

accuracy required. Additionally, RCS jets are used

minimally as the primary controlling device (only for

desaturation). Both CMG's and reaction wheels pro-
vide momentum control, but reaction wheels are gen-

erally less massive and provide lower torque values

than CMG's, which are generally used for very large

control applications. (See table 3.) Besides being

one of the most often applied control devices in the

aerospace community, reaction wheels do not depend

upon the Earth's magnetic field and are relatively

simple and light.

There are many types of reaction wheel assem-

blies (RWA's) currently available that cover a wide

range of applications. For this analysis, two types

of RWA's (ref. 6) were chosen for investigation: the

NASA Standard RWA for midrange angular momen-

tum applications and the Space Telescope RWA for

high-angular-momentum applications. Characteris-

tic data for each reaction wheel are given in table 3.



The computercodeusedto supportthis anal-
ysiswas the SpaceSystemsIntegratedSimulation
(SPASIS,ref. 7) and wasmodifiedfor this study.
SPASISisasix-degree-of-freedom(DOF),rigid-body
simulationprogramforanalyzingorbitingspacecraft.
Thespacecraftmassandgeometrymustbeuserde-
fined,andfor thispurpose,thespacecraftwasmod-
eledusingthe SDRCI-DEAS computer-aidedde-
signandengineeringsystem(ref. 8). SPASIShas
the ability to simulatethe spacecraftin orbit and
calculateenvironmentaleffects(forcesandmoments
on the spacecraft)and control systemresponses.
Manyotherspacecraft-relateddynamicsmaybesim-
ulated,includingarticulation,plumeimpingement,
and docking. The simulationcan run single-or
multiple-orbittrajectoriesandoutputstheresulting
datain tabularor graphic form.

SPASIS contains a fourth-order Runge-Kutta-Gill

integrktor that integrates the translational and ro-

tational equations of motion, the body orientation

quaternion, and the environmental torque compo-

nents. The program simulates the spacecraft re-

sponse to environmental effects for every time step to
determine spacecraft inertial position and attitude.

A time step of 5 sec is the default value. Any value

can be input; however, anything much larger than
5 sec can result in a loss of accuracy. A time step of

5 sec provided the best simulation, resulting in both

quick turnaround and accuracy.

Also placed within the integration loop are four

optional models of control system devices. A reaction

control system (RCS) using three models (propulsive

jets, control moment gyros (CMGs), and a magnetic

torquer) was already included in SPASIS. Langley
Research Center added an RWA to the program as

the fourth control device option. Four environmen-
tal disturbances are simulated: aerodynamic effects

(calculated with the 1985 Jacchia atmospheric den-
sity model), solar radiation effects, gravity gradient

torques, and Earth's magnetic field effects. How-

ever, at the geosynchronous operational altitude of

the platform, solar radiation is the dominant distur-

bance, with gravity gradient being secondary.

Solar panels, radiators, and solar dynamic collec-

tors may be modeled in SPASIS as articulating ar-

eas. Solar panels and collectors are modeled as Sun

tracking devices, while radiators are anti-Sun track-

ing. When the spacecraft is in the occulted region

of the orbit, all devices may be feathered to reduce

drag on the spacecraft if desired. In order to keep on-
board induced disturbances to a minimum, and with

the absence of an atmosphere at geosynchronous or-

bit, solar panels were not feathered for this analysis.

SPASIS is generally run interactively (but may
also be run in a batch mode) on any DEC VAX 1

computer supporting a FORTRAN environment. A

plot package that uses DI30002 software is available

and will plot any of the available program variables
versus time.

The following assumptions were made to simplify

these analyses: (1) the reaction wheels are placed on

the body axes of the spacecraft at the center of mass,

(2) the reaction wheels have negligible mass in com-

parison with the spacecraft, (3) the attitude sensors

measure perfect spacecraft alignment with local ver-

tical and local horizontal, (4) the control thrusters
fire over the entire numerical integration interval,

(5) the thrusters respond instantaneously to control
inputs, (6) the reaction wheels have an efficiency of

70 percent (user defined), (7) the reaction wheels can

provide their maximum torque at all wheel speeds

up to their 70-percent efficiency rating, (8) the struc-

tural flexibility of the platform is not considered, and

(9) the sensors are perfect.

As previously mentioned, two types of reaction
wheels were modelled based on their angular mo-

mentum applications. Additionally, two types of

commanded torque gains were used. The first, de-

noted as "small gains," are the gains designed to meet

the pointing requirements. The second, denoted as

"tight gains," not only meet the pointing require-
ments but also further reduce the maximum attitude

error. The gain values define the control authority
of the commanded torque to the movement of the

spacecraft. The larger the gains, the more respon-
sive the control system is to the spacecraft position

and angular rates.

The small gains come directly from calculations
based on the spacecraft equations of motion and the

simple proportional-plus-derivative feedback control

law. The tight gains were initially calculated in the

same manner with a tighter pointing accuracy as-

sumed, and then it was modified by trial and error
until the desired results were obtained. The trial

and error method was necessary because of uncer-

tainties involved in the approximation technique for

determining disturbance magnitudes and the simple

model used to represent the spacecraft.

As gain values increase, so does the bandwidth

of amplified signals. This means that the control

system is more sensitive to error inputs (i.e., quicker

response and higher commanded torque). But, at

the same time, any sensor and actuator errors are

i DEC VAX: A trade name of Digital Equipment Corp.
2 DI3000: A trade name of Precision Visuals Incorporated.
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alsomagnifiedto thesamedegreeasanydisturbance.
This studyassumedperfectsensors;therefore,the
errorwithin the sensorswasnot amplified,which
couldgreatlyaffectattitude control. In addition,
it wasassumedthat reactionwheelscouldrespond
with the desiredcontroltorqueinstantaneously.In
actualimplementation,however,a time lag exists
beforethetorqueinput isapplied(dependingonthe
reactionwheelassembly),andthe availabletorque
varieswith reactionwheelspeedat the timeof the
torqueapplication.Anothertrade-offwith the use
of highergainsis the requirementof usinghigher
frequency(i.e.,moreexpensive)controlelectronicsto
provideaccuratecontrolat thehigherbandwidths.

A concernwith flexiblespacecraft(seeassump-
tion8) is theexcitationoftheflexiblemodesthrough
thecontrolsystem,or "controlspillover."Amplifica-
tion of the higherfrequenciesassociatedwith rais-
ing the bandwidthscouldeasilyexcitethe flexible
modesof thespacecraft(especiallywith thesizeand
dimensionsof thesubjectplatform).Attemptingto
controlthespacecraftto suchhighaccuraciesusing
highergainsto amplifytheattitudeerrorcouldpro-
duceanunstableplatformbecauseof thisexcitation
not accountedforin thisstudy.

Therefore,electingto achieveanextremelyhigh
pointingaccuracyby implementinglarge-magnitude
gainvaluesraisescostsbecauseof the requirements
of extremelyaccuratesensors,actuators,anda set
of advanced,high-speedelectronicsto drivethesys-
tem. Additionally,thenecessaryhardwarerequired
to dampout anyexcitationof theflexiblemodesin-
creasesweight,complexity,andcost.Furtherstudy
is necessaryto bettercomparethesetrade-offs.

Theequationsusedfor thegaincalculationsand
the controlsystemblockdiagramareshownin fig-
ure4. Thegainvaluesusedfortheanalysesarelisted
in table4. This controllaw wasimplementedwith
nomodificationsto thereleaseversionof SPASIS.

The basisfor selectionof the control device
(NASAStandardor SpaceTelescopeRWA)is the
desaturationrequirements.Reactionwheelsbecome
saturatedwhenthewheelsreachtheirmaximumde-
signspeedandthuscannolongerproducerequired
torquesfor attitude maintenance.Whenthis oc-
curs,the wheelsmustbedesaturated(i.e.,despun)
in orderto regaintheir effectivenessasangularmo-
mentumcontroldevices,Themissionprofileof the
platformdictatesthat housekeepingactivities(i.e.,
stationkeeping,orbitmaintenance,andRWAdesatu-
rations)occurnomorethantwiceper24-hourperiod
(oneorbit at geosynchronousaltitude). Any more
thanthiswouldbetoodisruptiveto thepointingac-

curacyofonboardscienceinstruments.Therefore,in
additionto meetingthe pointingaccuracyrequire-
mentof 18arcsec,theRWAmustalsobe limitedto
twoor lessdesaturationperiodsperday.

Results

Figures5 to 18presentthe resultsof the anal-
ysis. Figure5 showstotal environmentaltorqueas
measuredfor a stableplatformasa functionof or-
bit time (approximatelyone24-hourorbit) for the
platform.Figures6 and7showthe individualenvi-
ronmentalcomponentsof solarpressureandgravity
gradienttorquesasbeingthemajorsourcesofoutside
disturbances.The resultsof the simulationof the
uncontrolled,open-loopsystemareshownin figure8
for attitudeerrorasa functionof timefor oneorbit.
Herethe attitudeerror,presentedasdeviationfrom
localvertical-localhorizontal,variesbetween±90°
for thepitchaxis,whiletheattitudeerrorvariesbe-
tween:t:180° fortherollandyawaxes.Thisindicates
that theplatformexhibitsinstabilityor tumbling.

Figures9 and10showattitudeerrorfor thecon-
trolled spacecraft(i.e., closed-loopsystem)overa
one-orbitperiod for the NASA Standardand the
SpaceTelescopeRWA's, respectively,usingsmall
gains.TheNASAStandardRWA'smeetthepoint-
ing requirementalongall threeaxes(17.6arcsecin
pitch, 12.6arcsecin roll, and 0.4arcsecin yaw).
Thesmallspikesshownfor the pitch axis indicate
periodsof desaturation.It is clearthat the NASA
StandardRWA'sexceedthedesaturationlimit oftwo
perorbit. Thrustersizefor desaturationwasdeter-
minedthroughatrial anderrorprocessintendedto
yieldthe leastamountof movementalongthepitch
axisduringdesaturation.Table5showstheRCSjet
characteristicsusedfor thisanalysis,whilefigure16
showsthereactionwheelspeedsfor theNASAStan-
dardRWA'sfor oneorbit. The sharpspikesindi-
cateperiodsof desaturation.As previouslynoted
for thiscase,RWA'saredefinedto desaturatewhen
the wheelsreach70percentof their maximumde-
signspeed(seeassumption6). Theresolutionof fig-
ure16is lowerthan that of figure11,whichshows
approximatelyone-fourthof an orbit. The higher
resolutionplot, figure11,showsthat the reaction
wheelshavea speedof zeroafterthe reactionwheel
desaturationprocedureisperformed.Attitudeerror
spikesin figure9 correspondto desaturationperiods
whenthrustersarefiring,asindicatedin thereaction
wheelspeedplots, Figure16showsthat thewheel
alongthepitchaxisdesaturatesalmostconstantlyin
trying to maintainthe requiredpointingaccuracy,
whilethe wheelsalongthe roll andyawaxesnever
reachsaturation.As shownin figure10,the Space



Telescopereactionwheelsmeetthepointingrequire-
mentsalongeachaxis,with the maximumpointing
errorbeingabout15.1arcsecalongthe pitchaxis.
Figure12 showsthat the SpaceTelescopewheels
neversaturate(in a one-orbitperiod),asexhibited
bythesmoothcurvealongthepitchaxisandalmost
zerowheelspeedalongtheothertwoaxes.In fact,
theSpaceTelescopereactionwheelsdonotreachsat-
urationfor at least2days,asindicatedin figure13.

Figures14and15showtheattitudeerrorforthe
NASAStandardandfortheSpaceTelescopeRWA's
usingtightgains.TheNASAStandardRWA'smeet
thepointingrequirement,with a maximumerrorof
1.6arcsecalongthe pitchaxis. However,figure16
showsthe numerousdesaturationperiodsneededto
maintainthis maximumerrorof 1.6arcsec. The
SpaceTelescopeRWA'salsomeetthe pointingre-
quirementalongthe pitch axis. Figure17 again
showsthat theSpaceTelescopeRWA'sdonotreach
saturationoverthespanofoneorbit andin factwill
notsaturatefor at least2 days(fig. 18).

Reactioncontrolsystem(RCS)jets,usedfor re-
actionwheeldesaturation,arean importantdevice
for platformcontrolmaintenance.Onefactorin de-
terminingthelifetimeofaspacecraftis theamountof
propellantit carriesonboard.A spacecraftthat has
reactionwheelsthat needto desaturatefrequently
will depletetheavailablespacecraftpropellantmore
quicklythanonewhosereactionwheelsdesaturate
very infrequently.This frequentdesaturationthus
reducesoverallspacecraftlifetime.As expected,the
NASAStandardRWA'srequirethemostpropellant
sincetheyneedtodesaturatethemostfrequently.In
contrast,theSpaceTelescopeRWA'sdesaturateonly
oncein threeorbits.Propellantrequirementsfor the
desaturationof the tworeactionwheelsoveranav-
eragethreeorbitsforbothsmallandtight gainsare
shownin table6.

Conclusions

A rigid-body-pointing analysis was conducted for

a proposed Earth science geostationary platform.

The analyses performed have demonstrated that the

platform can theoretically be controlled to the strin-

gent pointing requirement of 18 arcsec on each axis,

subject to certain assumptions. The Hubble Space
Telescope reaction wheels provide the highest degree

of pointing accuracy of the two reaction wheels inves-

tigated. Furthermore, because of the high-angular-
momentum storage capacity of the Space Telescope

reaction wheels, desaturation is not necessary for
at least 2 days in orbit. Fewer desaturation events

translate to a lower propellant requirement, but more

importantly, fewer desaturations equate to fewer dis-

ruptions in pointing accuracy. (More than two de-

saturations per day would be in violation of mis-

sion guidelines.) The other reaction wheel assembly,

the NASA Standard, requires very frequent desatura-

tions and therefore violates the two-per-day desatu-

ration limitation. The small gains calculated for the

Space Telescope reaction wheels provide a pointing

accuracy of 17.6 arcsec to the platform, thereby meet-

ing the accuracy requirement of 18 arcsec. However,

the tight gains result in an improved level of pointing
accuracy. Further study is necessary to determine the

feasibility of implementing the tight gains with the

truss structure as a flexible body and without a ma-

jor increase in cost, should this be deemed valuable
to the Mission to Planet Earth initiative.

NASA Langley Research Center
Hampton, VA 23665-5225
March 13, 1991
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Table1.PayloadPointingRequirements

Pointingaccuracy,
Payloadinstrument arcsec

High-frequencyPMR
IR verticalsounder
High-resolutionimager
Michelsonsounder
Fabry-Perotsounder
Lightningmapper
Ozonemapper
Activecavityradiometer
Earthradiationradiometer
Solardisksextant
X-ray imager
Multi-spectralimager
Laserranger
Coherentradar
Solarspectrometer
Low-frequencyPMR(15m)
Spaceenvironmentmonitor
Datacollectionplatform

36.0
1.1

18.0
18.0
18.0

180.0
18.0

360.0
29.0

360.0
360.0

1.1
1.1
3.6

360.0
36.0

360.0
360.0

Table2. PlatformMassandInertiaProperties

Mass,kg ..........................
Momentsof inertia,kg-m2:

Ixz

I_

Ixy

ryz

6569

.......................... 1.967 × 105

.......................... 5.217 × 105

.......................... 4.200 x 105

.......................... 1.383 × 103

.......................... 3.243 × 103

.......................... 8.077 × l04



Table3. Characteristicsof ReactionWheelsandSingle-GimbalControlMomentGyros

Characteristic
Angularmomentum,N-m-sec ....
Wheelspeed,rad/sec ........
Mass,kg .............
Maximumpower,W ........
Outputtorque,N-m ........

NASAStandard
20.001

226.195
9.072
<150

0.2966

SpaceTelescope
264.420
314.159
47.628
<400

0.8051

Characteristic
Angularmomentum,N-m-sec ....
Mass,kg .............
Maximumpower,W ........
Outputtorque,N-m ........

Lowtorque
CMG

305.04
52.16
<5O

305.04

Midrangetorque
CMG
813.45
63.50
<50

305.04

Table4. GainValues

Ax

KAy
KAz

KRy
KRz

Values for--

Small gains
-0.467

-76.000

-2.339

-473.070

-10 215.664

-1 512.398

Tight gains
-100.000

-650.000

-8.000

-6917.370

-29874.700

-3959.980



Table5. RCSJet Characteristics

[Isp= 230sec]

Axis
Yaw

Pitch

Roll

Thrust level, N, for--

Small gains

3.179 x 10 -4

11.751 x 10 -4

11.751 x 10 -4

Tight gains

3.179 x 10 -4

11.751 x 10 -4

11.751 x 10 -4

Table 6. Propellant Requirements for Three Orbits

Mass of propellant, kg, using--

RWA type Small gains

NASA Standard 0.06291

Space Telescope .02356

Tight gains

0.06228

.02356
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Figure 1. Ford Earth Observation Science Platform Configuration.
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Figure 2. LaRC Geostationary Earth Science Platform configuration.
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Figure 3. Simplified equivalent mass, area, and inertia analysis model.
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where

Tmax

e

[

Tmax0)2 =
el

KA = I0)2

KR = 2[0) 2

Gain Equations

assumed maximum torque value of RWA, N-m

maximum allowed error, rad

principal moment of inertia, kg-m 2

Control System Block Diagram Per Axis

Spacecraft dynamics

Msi Ii_

I Wheel torquer

, I Ke(,:0S+l) i._1

Attitude error

where

Msi disturbance torques
[ moment of inertia

K0 proportional gain KA

KO'_e rate gain KR

i = 1, 2, and 3 (roll, pitch, and

yaw axes, respectively)
0 attitude error

S Laplace variable

"c0 applied torque

Figure 4. Gain equations and control system block diagram.

12



E

.9.0
E

E
e-

_o

r--

X 10 -3
6

2

I I I
.2 .4 .6

Time, sec

[3 Roll
z, Pitch
o Yaw

-a

I I
.8 1.0 X105

Figure 5. Total environmental torque on platform for one 24-hour orbit.

E
±
a;

6

4

-2

-4

-6

X 10 -3

_ rn Roll

z_Pitch

o Yaw

1 I I I
0 .2 .4 .6 .8

Time, sec

i
1.0X105

Figure 6. Solar pressure torque for one 24-hour orbit.
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15



o

!
x_

o_

t-

¢-
._o

175

150

I25

100

t A
I

/i/,
75- / i

/ I
,/"!t25

Oi --c

-250 J

/

[] Roll
,', Pitch
o Yaw

I .... 1 1 I l I I

.5 1.0 1.5 2.0 Xl0 4

Time, sec
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